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{C ¢ of the experiments performed during the Moored Surveillance System -
Field Validation Test (MSS-FVT) was designed to evaluate the real-world beam
pattern capzbilities of deep ocean DIFAR-like sensors. While beam patteras
can be readily measured under controlled conditions, the intent of this
snalysis was to examine the problem of beamforming in an actual ocean envi-
- ronmeat. This report examines the simple cardioid beams cozputer-formed
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SUMMARY
INTRODUCTION

(C) A portion of the MSS-FYT, conducted in the western North Atlantic during
Noverber 1975, was directed toward an evaluation of a candidate MSS scnsor
array for near-botton use. The array consisted of two DIFAR hydrophone sets,
one situated 20 feet directly above the other. Two configurations were cbtained
using these sensors: one was simply the lower DIFAR set, and the other was cre-
ated by electrica:ly subtracting each of the corresponding outputs in the upper
and lower sets. Tnis subtraction was perfarmed in order to create a response
null in the horizontal piane. As 2 result, the relative level of long range
noise arriving at the sensor at angles close to horizoatal should be reduced.
This, in turn, should improve the received signal-to-noise ratio (SNR) for

short range sources.

fopds 4k A o e P LS ARt

The objective of the real world bezm pattern portion of the FVI data anal-
crnducted under Task Area X0S069000, Work Unit RH201, was to neasure the

y and characteristics of horizontal cardioid beam patterns formed from

deep ocean sensor outputs. The analyses included in this report cover
tuztions: one in which the formed beanm was rotated through 360 degrees on
rtical axis with the source projector's location fixed, and the Gther in
the bean was formed in a single directiun while the sowrce p"u3e»70r haes
round the sersor. After beanforming by digital cozputer procassing. Thoe
rcsvlrs xere examinzd for beamx:dth and relative response front-to-bash ritie
{~. +dea. cardioid would have a 3 dB beamwidth of 130 degrees and an inficite

-

1reni- io-tack ratio.)

{{) The experirent im which th~ source was moved around 2 stationary bean failed
to provide useful data. In swite cf the relatively uniform range cf the projec-
tor at each position arouwnd the sensor, the wide variation of the received signal
level overshadowed tne directional response of ihe vezms. These gross variatioas
in signal love: may have becn caused by the sioping oceza flcor ard the wide
variation in temperuture of the near-surface water at the test site.

AP g e r

T

(C) T1 ted-beas ’S:S 1 e shapt @ beam with a front-to-back
power responsc ratic greater thaa 15 he 335 Hz projector frequency
received bv the single DIFAR sensor

for the hean formed on the differesncel cutput. In addition, the beanms
formed on the 7€ iz yrojecter frejuency were substantially bro-~der than the

130 degrec beamwidth (between -3 dB poxcr points) of a true cardioid bea=m.
Front-te-back ratios for the 70 Hz beams were 5 dB or less. Tie pvor quality
of the 70 lz beams resulted from the pre:ence of a strong, interfering source
of troadband noise in the field, presuzably at short range, and the lox SNR

of the received signal.

CONCLUS10ONS

(C) This analysis was designed to assess and compare the cardioid beams of the
two scnsor configurations based on the beamwidths and null depths (front-to-
back ratios) of the response patterns. The resulting data show no significant
difference between the performance of the single and the differenced sensors.
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1.

L Y (U) The cenvironment of the test itself - the highly variable thermal condirions,
I the Looogranh) of the sea floor at the site, and the presence of at least one

$ R interfering socurce - made interpretation of the results little more than specula-
L. - tion. Further analysis wouid prebably involve sophisticated modelling and proc-
ég- 3 essing techniques and night, ultimately, be of limited practicality because of
338 the number of unknowns.

DESIGN OF THE EXPERIMENT

ig: . {C) Froz 0430Z on 18 November 1975, until 1006Z on 19 November 1975, the R/V

3 GiAIN and the CFAV KAPUSKASING circled two sensor/racorder units at a rznge of
approximately nine nauticzal miles. During these circuits, each ship projected
three discrzte-freguency acoustic signals. Each seasor/recorder umit included
an array of two DIFAR hydrophone sets and an Acoustic Data Capsule (ACODAC -
used to record the sensor outpuis)j noored to the ocean floor. The two DIFAR
hydrophone sets were electrically connected to fora the differenced sensor out-
puts and one set was zlso used by itself as an ordinary DIFAR confijuration.

(C) The useful portion of this exercise for evaluating the cardioid bean
characteristics of the sensors was limited to RSV CHAIN's tow around the ACODAC,
serial number 2A5. This segment eatended from 0430Z to 19002 on 18 November.
Reasons for this reduction in usabie data were: <first, the levels of KAPUSKAS-
ING's projector lines were generzlly too low to be detected; and, second, the
other ACOBAC was inoperative during the time of CHAIN's tow around it. iIn addi-
tion, one of (HAIN's three projector frequencies, 588 Hz, was set 13 dB lower
than scheduled, thus making its level at the seasor unusably low.

(U) CHAIN's usabie tow was executed by holding position for fort; ninutes at
each of eight stations spaced 45 degrees around the ACODAC at constant range.

__g The projector was on throughout the tow, and at each station a 2000 meter
d H bathythernograph was taken. The intent of this maneuver was to provide a
i constant source level and similar propagation path at several locations around
1 = the ACOBAC.
s &

THE PROCESSIXNG SYSTEM

{(C) The real world beam pattern data of the MSS-FVT was analyzed using tweo
separate processing units: a combination signal conditioner/Analog-to-Digital
Converter (ADC), and the NAVAIRDEVCEN central computer facility.

an SHTA

ey

(U) Three parallel channels of variable attenuation (for channel bzlance), low-
pass filtering at 500 Hz and 40 dB/octave, and 2.5 dB amplification composed the
signal conditiorer. The ADC wasa thirteen bit converter preceded by a three
channel multiplexer. For the purpose of this analysis, the converter sampled at
2048 liz/channcl, which was well within its 3300 Hz/channel capability for three
input channels. Finzlly, a minicomputer system wrote the sampled data on 2 nine
track, 300 BPI digital tape in 16-bit words.

(C) The digital tape was then input to the NAVAIRDEVCEN CDC 6600/CYBER computer
which performed the subsequent amalyses. First, the data words were converted
frox 16 to 60-bit length for compatibility with the 6600/CYBER. Further process-
ing stages were dependent on the type of output desired but generally inciuded

-a- CONFIDENTIAL
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(C) Fast Fourier Transform (FFT) processing and a cardioid beamforming algorithm.
The 4096 point FFT produced a frequency resolution of 0.5 Hz with the 2048 Bz
sampling rate.

DATA ANALYSIS
CASE OF MOVING BEAM/STATIONARY SOURCE

{(C) Most of the data on cardioid beam performance was obtained by selecting one
of the 1ntervals of fixed projector position and computer-rotating the beams
produced by both sensor configurations through 360 degrees in the horizontal
plane. The resulting beam shapcs for both the 70 Hz and 335 Hz projector fre-
quencies are shown in figures 1 through 4.

(C; The 335 H:c beams are well formed but the 70 Hz beams show very little direc-
tivity and bearing errors of 20 to 40 degrees. One reason for this poor shape
was the presence of a2 nearby source of low frequency, broadband noise (possibly
a merchant ship) on a bearing differing from that of the projector ship. This
source was discovered when beams were formed on frequencies close to that of

the 70 Hz projector line (see figures 5 and 6). These "noise-field" beams show
streng horizontal directionality in the noise field which was confirmed through
an independent beamferming system operating on the same data. The presence of
this noise source precludes drawing reliable conclusions about the sensor beam
characteristics at 70 Hz.

P e

(TS

h

{C) The second factor which degraded the 70 Hz cardioid beam was the low, re-
ceived SNR. This effect is illustrated in figure 7 which shows the influence

cf signal-to-noise ratio on the shape ¢f an ideal cardicid response pattern.

For example, an SNR of 3 dB (referred to whatever bandwith the processor itself
uses - 0.5 Hz in this czse} would corrupt a true cardioid to look much the same
as the single DIFAR 70 Hz beam (figure 1). Measurements made of SNR for the same
tine period as the beamforming analysis have shown that it was roughly 3 dB.

F. e qpl,\.n- )

(U) The 335 Hz beam pattern was not influenced by either of the effects men-
tioned above since the received SNR was relatively high {(greater than 10 dB for
the single sensor, slightly less for the differenced sensor} and there were no
significant sources of noise at that frequency in the zrea.

g

RN [ 07:1]

(C) The SSN GREENLING, with its projector oa, passed within five nauticzal miles
of the sensors during the time interval of this experiment, however, the fre-
quencies were such that the interference did not seem to be significant.

CASE OF STATIONARY BEAM/MGVING SOURCE

{(C) In an attempt to include more environmental pararceters in the investigation
of scnsor bean patterns, the eight stationary periods during the circular tow
were considered. Each period was processed (five minutes per position) to
exanine the effects of a source moving physically around a beam pointed in 2
single direction. Before any beamforming was done, the received signal level

at both 70 and 335 Hz revealed variations on the order of 40:1 (ratio of in-
tensities) around the circle evern after correction for the minor range differ-
cnces. This signal variation, coupled with the presence of the source of noise
mentioned in the last section, would make any attempt at bezmforming umrealistic.

-5 - CONFIDENTIAL




*(n) ouy 10390f0x] zH 0/ 943 uo powroy wweog Jxosuog OTAuUTS (I) - 1 HUNOI

CONFIDENTIAL

('93Q) 30HNO0S Ol ‘134 ONIHv3d
1214 0 St— 06— qEl- 08L—-
| ] ! ] 0z~

C-77092-20

N/

B i ol

{8P) NIVD H3m0Od 3A1LVI3Y

XXXXXxx
xxxxxxxxxxx
Xy
Xx
xxx

"l.whlvmkkx.ix.»
NEXXKRATT

CONFIDENTIAL

EEARCT AL B 1P 5 L s a DAL SR SV M RS BT AT T RNETTR Y (S WY 1.0 1TSS el
j [ ; R " X ’
i ‘,u .:,..,: R

Wit

o . ;

"

g

\ g
\P/ 43t




*(n) oul I10320(01g 2} 0L OYI UO PO WuOf I0SUOS POdUAXOIFTIA (D) - 2 HUNOId

CONFIDENTIAL

('93@) 32HNOS Ol '113H ONIYVv3ag

1214 0 av— ggL— 081~
L 1 1 0¢—

NADC-77092-20
(8P) NIVO H3IMOd 3AILVI3Y

fxxxxxxxxxxxxxxxxxxxxxxxxxx XX
XXX %

CONFIDENTIAL

. o e e . . S O L .
PO T A A Y R wewy oMy Ay diamd T v owes o :..s.t\.c.on"v. .r.—ﬁ ’ﬁ«. o ..‘ K&T- A.. 20 wh
A .‘ ‘ .m.tﬁ _ ,., q;

T AR LN " .fv (i

7

TR




NADC-77092-20

CONFIDENTIAL

*(N) ov g1 1030afoxd zjp §£¢ oY1 uo powaoy wvog Josuog orduUTE (D) - € MUNOI

("93q) 30HNOS Ol *134H DNIYV3E

08l qel 06 qp 0 Sy— 06— qeL~ 08L—
X X
X%
Xxy X X- gL
Xy X
xx X
X o
&x ~ OL—
X
X
X
X, X
xx -
Xy X
xxxx x %
. XXXKxKiXXKXX 0
]

[ Y J...!.r@‘.-»“-'

of Fpeu,

i"ﬂ»r S

2

L WIS

(8F) NIVO H3IMOd 3AILYI3Y

CONFIDENTIAL

ua L N
e R et ol o,
\ KL ) N + mw n,
- ‘e h
| W
oy
-
“

I S
o

-7
'
ol

b tae
. A

T mm—
37,

i, PN

~

_-
o
S

* -
N ,~ "

> ;‘“

)

EN
x

S A




*(n) ouyl do3dofodg | GEg OYI UO POULLO WROG J0SU0g PodUAIoFITA (D) - ¢ HUNOIL

CONFIDENTIAL

(*930) 30HNOS OL 134 ONIHV3E

08 1214 a 1)
I I ]

7092-20

-7

N:

(6P) NIVD H3IMOd 3AILVI3Y

CONFIDENTIAL

. l » 3
ST T gy b hew v d e e et Al WQALS I N

. A

&




: ‘(N) 24 99 au pouroy wwog losueg orAuTg (D) - § MANDLY

] NIVHO A/H OL 134 DNIYVv3a

N 08l qeL 06 ap 0 qy— 06— agL-  08L-
' 4 ] ] | | L 02—

a4
- m—.lu

_%
¢

‘ [~

¥ N
1 P —- OL—
b 2
By ~
A ~

s )

M m

“

.¢v * ml
¢ B

i

X
XXXXXXXX
xxx
Xx
X

XXX o 3w g g XXX g

CONFIDENTIAL

?
P~ - -y - PRI NI P et Wy . A SRR} o 1T DLET2Y T T YRETE ) L ANNL .
TR TR + e A % ) [ (] . . CNT A ! AN B 4 My L Vanw ' %

IURIRY DRI PN §7 T [URY; -5 ALy e SR
L N "y s L

¥ «., -

Ky, VaEadt

n

(8P} NIVO H3am0Od 3A1LV1I38

CONFIDENTIAL

10 -




NADC-77092-20

CONFIDENTIAL

*(N) ZH P4 v poutoy wwdy Josuog orBuyg (D) - 9 MINOI

NIYHO A/d Ol 734 DNIHVv38

o8t 9EL 06 14 0 av- 08— geL- 08L—-

=~ OL—

xxxxxxxxxxxxxxxxxx<

XNX}X<KX xR
xx xx
xxx
xxx&

X
e

SRV T I G T TP R TIE PR NTE A TR S ORRI e oo T AR AL A
; B ! V!

+ g [ ;o Y
Ni R " - e ’ ,f‘rn - ] + S friae 1
LARARAE poshe TUL Mg R T T T by i
v . B
.
f
» . o
Yty -_ o oo Bor oy’ x Lt ; . i o
* d e ik
[N . . oty ; Lt

(dP) NIVD HIMOd 3ALLYT3Y

11 -

CONFIDENTIAL

-

¥ Coma

G e ]

:\;‘:

i

- o " -
i

b

-

_.!

¥
3

>
iy

D e

oy »
3 by st

!




2R we W

=

= g

roduyg wwog pjogpau) uo (UNS) OT3IVY OSFON-03-TRUTS jo oouentgur (n) - L AUNDIM

TR
THIS PAGE IS UNCLASSIFIED

CONFIDENTIAL

NIVHO A/H OL 134 DNIHVaE8

ap 0 ap— agL— 08L—
. _ 02—

Fromntlg -
:

=
-

s

A

—-—

NADC-77092-20
e

PP

e
e

(8P) NIVOD H3MOd 3ALLY 138

ity om e T

Iy,
5 Tl 2

=
Rt e S

T

THIS PAGE IS UNCLASSIFIED

CONFIDENTIAL

’

TUNT G UL ATARLENY T Al T Y O (T, I T WIS 1| A vrye,
o s . . .

(A

x




o~ oy

i

1N

L

4

1y

3

$

i,

z” - '.
’

A

b

K

a,

a .
B N R =

NADC-77092-20

CONFIDENTIAL

(C) One reason for the wide variation in received signal level around the * 3
circle could have been the bottonm sl pe at the test site. Bottom-pounted
systens are sensitive to botton slope in that more non-botteoz bounce energy
can coce from the downslope direction than from upslope. WKhether the slope -
at this site was enough to affect performance has not been determined but the -
data shows the highest received intensity in the downslope direction.

(U) The near-surface temperature structure of the water may supply another

explanation. Bathythermograph measurements nmade froz the R/¥ CHAIN show that
one location had a substantially lower near-surface temperature maximum than :
any of the others. A greater depth excess in the sound velocity profile is 5
thus produced which can result in a decrease in propagation loss for this par- - §
ticular sensor depth. Again, the quantitative effects of an increase in depth §:
have not been investigated but the data does show a substantially higher re- -
ceived level for this projector location than for the two adjacent locations.

I .

Y IEN

COMPARISON BETWEEN SINGLE AND DIFFERENCED SENSOR PERFORMANCE

(C) XNone of the real world bean pattern analyses produced evidence to support
the superiority of the differenced sensor over the single sensor. On the con-

trary, when there was a noticeable difference in sensor performance it favored
the single sensor.

“ louuN' L
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L

(U} ©while the number of variables in this experiment cannot readily be reduced

to nanageable size, sonme explanations for the lack of difference between sen-
sors may be proposed.

‘l 1wy 3

B

() First, the noise was not all long distance shipping ncise. The presence of
" A the merchant ship (?) at relatively short range ana the submarine with its pro-
- Jector added a significant short range component to the noise field. The differ-
g enced seasor was designed to reduce long range noise only.

4
.

(C) Second, the array may have been tilted. The current peter, located only 20
fect from the ocean floor, indicated currents in excess of 0.5 knots. Because E
the ACODAC itself, the source of greatest hydrodynamic drag, was located 100

feet from the floor, there zmay have been some significant array tilt. If the
differenced sensor array was tilted, the null in the vertical response pattern
would no loager be horizontal and the rejection of long range noise would be

degraded. This would result in a drop in SNR. The vertical/response patierns -
at 70 Hz and 335 Hz (figures 8 and 9) show the small amount of tilt (particularly g
at 335 Hz) necessary to significantly modify the horizontal response. o

(C) Finally, if the two DIFAR units making up the array were tilted with respect
to cach other, the horizontal null would be degraded, fillinrg in rapidly with the
first few degrees of offset.

s DATA VALIDITY TESTS :
;3 (U) Prior to processing the ACODAC data, the procedures summarized below were Vli
3 uscd to cvaluate and minimize the processor's contribution to error in the data. J-
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oo the Bean Axis Response of a Single DIFAR Hydrophone (U). E:
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FiGURE 9 - (C) Differenced Sensor Vertical Response at 335 Hz Relative
to the Beam Axis Response of a Single DIFAR Hydrophone (U).
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(C) Preliminary set-up of the signal conditioner involved matching the fre-
quency responses of the three channels across the band of interest (approxi-
& . mately 50 to 400 H:). Using a sweep frequency signal generator as input and
. d adjusting the attenuators and filters for minimum output signal difference 1%
between pairs of channels, the channels were balanced to within 0.1 dB. In N
addition, the tape recorder reproduce ampliZiers were set with the ACODAC :
tone calibration signal {on the data tape itself). Here, the best balance -
possible was + 1 dB — the limiting source of error in channel balance through o
the entire systen. A study of the effects of a 1 dB channel imbalance showed
that the bearing would be correct within five degrees and that the 3 dB (power)
beamwidth of the cardioid pattern would increase by no more than five percent
{one channel 1 dB high, another channel 1 dB low).

o

‘e

P o,

bbb aes o &

!

{U) Once the signal conditioner channels were balanced, two tests were runm to
check out the entire processing system. First, the inputs to the signal condi-
tioner were shorted and a short segment of "data" was processed to evaluate .
s¥stem noise and DC offset voltages. The resultant offset was not high enough e
to significantly affect the dynamic range of the ADC. The noise was generally o
limited to the lower four bits. :

I omatniak
1 d 9
LY Yok

Viendd AV i w ™

L1}

{C) The secong involved paralleling the three signal conditiomer inputs and
applying a2 300 Hz sine wave (2 volts peak-to-peak) to tes* channel balance and
to verify the operation of the beanforming algorithm. Processing of this data =
proved that the RMS channel levels were all within 0.1 dB of each other and the
. cooputed bearing was consistently within a degree of forty-five degrees. (The

. computed bearing should be forty-five degrees when the level of the north-south
v channel equals the level of the east-west channel.)
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(C) In order to inmsure that the frequency ins processed by the beanformer
actually contained the projector lines, spectral data from an FFT of the ommi
channel was searched manually. In this way, the locaticns of two of the pro-
jector lines from the R/V CHAIN were found. The absence of the 588 Hz line and
the lines from CFAV KAPUSKASING's projector indicated that their levels were
not high enough for processing.

.
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(C) Once beanforming on the projector frequencies was cozpleted (in the source-
stationary case), additional beams were formed on frequencies which bracketed
the projector lines. When these beans were produced anear the 70 Hz 1line (see
figures 5 and 6), the interfering noise source's presence and approximate bear-
ing were discovered. The region around 335 Hz showed no such horizontal direc-
tionality in the noise field (see figures 1C and 11).
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